A follow-up study was conducted on 5725 inhabitants (men 2858, women 2867) in and around the Jinzu River basin to determine the inBuence of environmental Cd exposure on mortality. In the Jinzu River basin, standardized mortality ratios (SMRs) investigated according to urinary Andings (protein, glucose, and protein؉glucose) were signiAcantly low in the urinary protein-, glucose-, and protein؉glucose-negative groups. SMRs calculated after dividing urinary protein-and glucose-positive status into two levels were lowest in the proteinuria-and glycosuria-negative groups and tended to be high in the higher positive groups. In the Jinzu River basin, Cox's hazard ratios were signiAcantly higher for men and women in the urinary protein, glucose and protein؉glucose-positive-groups. In the same analysis where the urinary protein-and glucose-positive subjects were divided into two levels, mortality was demonstrated to be higher in the groups with the greater degrees of proteinuria and glycosuria. In the Jinzu River water system almost all SMRs and Cox's hazard ratios showed statistical signiAcance. This was not the case in the other water systems. Mortality of inhabitants with Cd-induced renal injury is increased in the Jinzu River basin.
INTRODUCTION
It is widely recognized that exposure to cadmium (Cd) leads to renal, particularly renal tubular, dysfunction (Nogawa et al., 1980) . Nakagawa et al. (1993) and Nishijo et al. (1995) conducted surveys in the Cd-polluted Kakehashi River basin in the Ishikawa region and demonstrated that inhabitants with elevated urinary excretion levels of 2 -microglobulin ( 2 -MG) or retinol binding protein (RBP) showed high standard mortality ratios (SMRs) and hazard ratios determined using Cox's proportional hazards model. Iwata et al. (1991a Iwata et al. ( , b, 1992 obtained similar results in studies on inhabitants of the Cd-polluted town of Kosaka in the Akita region and Tsushima Island in the Nagasaki region using the amount of urinary 2 -MG excreted as an index. In the Jinzu River basin, the region in which Itai-itai disease is endemic, Nakagawa et al. (1990) reported a higher mortality and lower life span in Itai-itai disease patients and persons requiring further observation, compared to controls. However, no studies were undertaken to clarify the relationship between Cd-induced renal dysfunction and mortality in the general population. The results of surveys on the mortality of the inhabitants of the Jinzu River basin, which of all Cd-polluted regions in Japan is the one showing the most extensive and severe adverse health effects of Cd, would be of major signi7cance in clarifying whether Cdinduced renal dysfunction increases mortality.
The present study was undertaken to determine the relationship between Cd exposure and mortality in the general population in the region around the Jinzu River basin by investigating mortality according to urinary 7ndings in the inhabitants of three water systems: the Jinzu River water system, a non-Jinzu River water system, and a mixed water system.
MATERIALS AND METHODS
In 1967 and 1968 large-scale health examinations were conducted among the entire population ages Note. Proteinuria, urinary protein 510 mg/dl. Glycosuria, urinary glucose 51/32%. 530 years of the Jinzu River basin, a non-Jinzu River basin, and a region receiving a mixed water supply from the two sources. Subjects for the present investigation were selected from among the 6667 participants (3181 men, 3486 women; participation rate 93.4%) in the 1967 health survey, which was conducted mainly in the heavily polluted region. Of these, 5725 subjects (men 2858, women 2867) were selected for the present study. Subjects for whom the number of years of residence was certain and for whom urinary test results were available were selected. Years of residence were established on the basis of self-reported replies con7rmed afterward by interview. The follow-up survey was conducted for 6127 days from August 1, 1967 , to May 10, 1984 , and examined according to water system, sex, and urinary 7ndings.
Early morning urine specimens were collected and processed on the same day. Urinary protein was measured by the Kingsbury}Clark method, and urinary glucose by Benedict's method, with values 510 mg/dl and 51/32%, respectively, considered positive. For the statistical analysis subjects were considered urinary protein-or urinary glucose-negative only if their test results were negative for both substances. In the comparison of urinary protein positive and negative status, investigations were conducted using both a single positive group de7ned as urinary protein 510 mg/dl and separately using two groups, one with urinary protein of 510 to (30 mg/dl, and the other 530 mg/dl. In the same way, in the comparison of urinary glucose-positive and -negative status, investigations were conducted using both a single positive group de7ned as urinary glucose 51/32% and separately using two groups, one with urinary glucose of 51/32 to (1/8% and the other 51/8%. SMR was expressed as the ratio between the observed number of deaths and the expected number of deaths calculated by multiplying the cumulative observed person-years per decade of age divided according to water system and sex by the sex-speci7c mortality rates of the general Japanese population in 1976, which was the middle point of the present observation period. In addition, the relationship between mortality and urinary test results according to water system and sex was analyzed using a Cox's proportional hazards model, with age on August 1, 1967, adopted.
RESULTS
The number of subjects at the beginning of the observation period, number of subjects followed up completely during the observation period, number of deaths during this period, mean number of observed person-days, and mean age by water system and sex are listed in Table 1 . In addition, the prevalence of proteinuria, glycosuria, and proteinuria with glycosuria are shown.
SMRs in the groups separated according to urinary protein, glucose, and protein#glucose test results and according to water system and sex are listed in Table 2 . In each of the water systems, SMRs tended to be high in the urinary protein-, glucose-, and protein#glucose-positive groups, compared to the respective negative groups. In the non-Jinzu River water system, SMRs were signi7cantly high in the urinary protein-positive group in both sexes. In the mixed water system, SMRs were signi7cantly low in all of the urinary protein, glucose, and protein#glucose negative groups in both sexes. In the Note. Protein (!), glucose (!), and protein and glucose (!), urinary protein (10 mg/dl and urinary glucose (1/32%. Protein (#), urinary protein 510 mg/dl. Glucose (#), urinary glucose51/32%. Protein and glucose (#), urinary protein510 mg/dl and urinary glucose51/32%. Jinzu River water system, SMRs were signi7cantly low in the negative groups in both sexes and signi7-cantly high in all the positive groups in women.
SMRs were calculated after dividing urinary protein-and glucose-positive status into two levels and the results are shown in Table 3 . In each of the water systems SMRs were the lowest in the urinary protein-and glucose-negative groups and tended to be high in the higher urinary protein-and glucose-positive groups. In women from the Jinzu River water system, SMRs were signi7cantly low in the urinary protein-and glucose-negative groups, and signi7-cantly high in the highest urinary protein-and glucose-positive groups.
Using a Cox's proportional hazards model we investigated whether urinary protein-, glucose-, and protein#glucose-positive status by water system and sex is related to mortality. The results are shown in Table 4 . In both sexes in all three water systems, age is signi7cantly related to mortality. In all of the water systems in both sexes, Cox's hazard ratios were higher in the groups with positive as opposed to negative urinary 7ndings. Statistical signi7cance in the men was noted in the non-Jinzu River system for urinary protein, in the mixed water system for urinary protein#glucose, and in the Jinzu River system for urinary protein, glucose, and protein#glucose (Table 4 ). In the women statistical signi7cance was noted in the non-Jinzu River system for urinary protein and protein#glucose, in the mixed water system for urinary glucose and protein#glucose, and in the Jinzu River system for urinary protein, glucose, and protein#glucose (Table 4) .
The urinary protein-and glucose-positive subjects were divided into two levels, and Cox's proportional hazards model applied as described above. As shown Table 5 , in both sexes in each of the three water systems age is signi7cantly related to mortality. In all of the water systems in both sexes, Cox's hazard ratios were higher in the groups with positive compared to negative urinary 7ndings. With the sole exception of urinary protein in the women of the non-Jinzu water system, hazard ratios tended to be greater in the higher proteinuria and glycosuria groups than in the groups with lower concentrations of urinary protein or glucose. In the men, statistical signi7cance was noted in the lower proteinuria group in the non-Jinzu River system, and in the higher proteinuria group and lower and higher glycosuria groups in the Jinzu River system. In the women, statistical signi7cance was noted in the lower proteinuria group in the non-Jinzu River system, in the higher glycosuria group in the mixed water system, and in the lower proteinuria and glycosuria groups in the Jinzu River system.
DISCUSSION
In 1967 and 1968 in the Jinzu River basin of the Toyama region, the endemic region of Itai-itai disease, the hitherto most systematic and largest-scale health examinations were conducted in the entire population ages 530 years of rural communities obtaining water from the Jinzu River water system, another river system, and a mixture of the two. The health examinations conducted in 1967 focused mainly on the inhabitants of the heavily polluted region obtaining water from the Jinzu River water system. The analysis of the urinary 7ndings has already been reported with regard to the 1967 7nd-ings, and showed that in the Jinzu River water system the prevalence of proteinuria, glycosuria, and proteinuria with glycosuria was disproportionately high (Fukushima et al., 1974) .
Our recent study revealed that the prevalence of proteinuria, glycosuria, and proteinuria with glycosuria in each village was closely related to the village-average Cd concentration of rice in the Cdpolluted Jinzu River basin. In 56 villages for men, 61 for women, living in the same village for over 30 years and age over 50 years, correlation coef7cients between mean Cd concentrations in rice and mean urinary abnormality rates (proteinuria, glycosuria, and proteinurua with glycosuria) in individual villages were signi7cant (r, 0.41}0.75) (Osawa et al., 2001) . Accordingly, proteinuria-and glycosuria-positive status was demonstrated to be an appropriate index indicating Cd-induced renal dysfunction in the Cd-polluted Jinzu River basin. Furthermore, we found that more than one-half of subjects with proteinuria, glycosuria, or proteinuria with glycosuria had 2 -microglobulin}uria (51000 g/g creatinine) in the Cd-polluted Kakehashi River basin. A health examination was carried out in 1981}1982 on all inhabitants over 50 years of age in the Cd-polluted Kakehashi River basin in Ishikawa region, with 3178 inhabitants receiving the determination of protein, glucose, and 2 -MG in urine. As the control, 294 inhabitants living in a nonpolluted area were also examined. In the Cd-polluted area, 87 men (6.1%) and 111 women (6.3%) showed proteinuria, of whom 59.8% and 79.3% respectively, showed 2 -MG}uria. In the nonpolluted area, there were 5 men (3.8%) and 8 women (5.0%) with proteinuria, 20.0 and 37.5% of whom, respectively, showed 2 -MG}uria. In the case of urinary glucose, there were 199 men (14.0%) and 145 women (8.3%) with glycosuria, of whom 26.6 and 54.5%, respectively, showed 2 -MG}uria in the Cd-polluted area. In the nonpolluted area, there were 12 men (9.0%) and 9 women (5.6%) with glycosuria, of whom 0.0 and 22.2%, Note. Protein (!), glucose (!), and protein and glucose (!), urinary protein(10 mg/dl and urinary glucose(1/32%. Protein (#), urinary protein510 mg/dl. Glucose (#), urinary glucose51/32%. Protein and glucose (#), urinary protein510 mg/dl and urinary glucose51/32%. respectively, showed 2 -MG}uria. In the Cd-polluted area, 28 men (2.0%) and 47 women (2.7%) showed proteinuria with glycosuria, 71.4 and 97.9%, respectively, of whom showed 2 -MG}uria. On the other hand, 2 men (1.5%) and one woman (0.6%) showed proteinuria with glycosuria in the nonpolluted area, and none of these subjects of either sex showed 2 -MG}uria. The reason why the subjects who showed proteinuria with glycosuria in the nonpolluted area did not have 2 -MG}uria was that the number of subjects was small, that is, only 2 men and one woman. The results also demonstrated that proteinuria-or glycosuria-positive status, especially combined proteinuria-and glycosuria-positive status, was an appropriate index indicating the Cdinduced renal tubular dysfunction in the Cd-polluted area.
Usually urinary Cd concentration is used as an index of Cd exposure, and urinary 2 -MG concentration as an indicator of renal tubular dysfunction.
However, we could not analyze the 2 -MG concentrations of many urine specimens collected from 6667 subjects in 1967. Thereafter, urinary 2 -MG concentrations of 138 women and 40 reference women in the Jinzu River basin were measured quantitatively with radioimmunoassay by Kjellstrom et al. (1977) . At that time it became possible to analyze 2 -MG concentrations of many urine samples in Japan. On the other hand, since urinary Cd concentrations were measured by a method in which 10}50 ml urine was digested by HNO 3 /H 2 SO 4 and extracted by APDC-MIBK in our laboratory in 1967, we could not measure the Cd concentration in many urine samples either. For these reasons, urinary Cd and Note. Protein (0) and glucose (0), urinary protein(10 mg/dl and urinary glucose(1/32%. Protein (1), 10 mg/dl(urinary protein(30 mg/dl. Protein (2), urinary protein530 mg/dl. Glucose (1), 1/32%(urinary glucose(1/8%. glucose (2), urinary glucose51/8%. et al. (1993) conducted a 9-year follow-up survey of 3178 inhabitants ages 550 years of the Cd-polluted Kakehashi River basin in the Ishikawa region. They revealed that SMRs were high in the subjects with positive 2 -MG (de7ned as 51000 g/g creatinine) and, moreover, that the greater the amount of urinary 2 -MG excreted, the higher the mortality risk ratios. In the same district, Nishijo et al. (1995) conducted a 15-year follow-up survey of 2408 inhabitants using RBP as an index and con7rmed results obtained by Nakagawa et al. Iwata et al. (1991a, b) performed follow-up studies on the inhabitants of the Cd-polluted Tsushima Island in the Nagasaki region using urinary 2 -MG as an index. In a 10-year 5-month follow-up study from 1979 on 256 subjects ages 550 years, they found a signi7cant positive association between the amount of 2 -MG excreted in the urine and mortality rates in the men only. In a 6-year 9-month follow-up study from 1962 on 275 persons ages 540 years, they found a signi7cant positive association between the amount of 2 -MG excreted in the urine and mortality rates in the women only. In the Cd-polluted Kosaka Town in the Akita region, Iwata et al. (1992) performed health examination from 1975 to 1977 in 230 inhabitants ages 540 years and conducted a follow-up survey of mortality in 1990. The results showed that in the women mortality increased in proportion to increasing 2 -MG and total amino acid excretion in the urine.
In the present study, mortality was investigated in three water systems using urinary protein, glucose, and protein#glucose status as indices of renal dysfunction. It was demonstrated that in both sexes in all three water systems, SMRs were higher. Cox's hazard ratios also tended to be higher, in the groups with positive as opposed to negative urinary 7nd-ings. Moreover, after dividing the urinary protein and glucose concentrations into two levels and making comparisons to the subjects with negative urinary 7ndings, it was found that, in all three water systems, SMRs and Cox's hazard ratios tended to be higher in groups with greater degrees of proteinuria and glycosuria. These results suggest that in all water systems mortality is increased in subjects with positive as opposed to negative urinary 7nd-ings. Since, from the medical perspective, it is assumed that subjects with positive urinary 7ndings have some primary renal disorder or other condition such as diabetes mellitus predisposing them to renal dysfunction it may be thought that the poorer prognosis is a matter of course. On the other hand, comparing the three water systems, it was clear that in the Jinzu River water system almost all SMRs and Cox's hazard ratios showed statistical signi7cance, whereas in the other water systems there were few such statistically signi7cant 7ndings. It is arguable that this difference is attributable to the large number of subjects and large number of deaths in the Jinzu River basin compared to the other two water systems. Nonetheless, the underlying pathophysiology may differ between subjects with positive urinary 7ndings in the Jinzu River basin and those with positive urinary 7ndings in other water systems, even in subjects manifesting the same degree of proteinuria and glycosuria. Namely, in inhabitants of the Jinzu River basin, the majority of those with positive urinary 7ndings would have renal tubular dysfunction induced by Cd exposure. Thus, in the Jinzu River basin the proportion of subjects with renal tubular dysfunction among those with positive urinary 7ndings was higher than in other water systems. In the Jinzu River basin where the proportion of subjects with Cd-induced renal dysfunction was higher, the fact that mortality risk ratios (Cox's hazard ratios) were signi7cantly higher in the groups with positive urinary 7ndings than in the one with negative urinary 7ndings demonstrated that Cd-induced renal dysfunction increased the mortality of inhabitants with Cd-induced renal dysfunction.
Socioeconomic status, lifestyle factors such as smoking and drinking, or other parameters affecting the survival time were not investigated in the present study. We consider, however, that no signi7cant differences were present in living conditions, since almost all subjects examined were farmers and cultivated rice in paddy-7elds around the Jinzu River basin.
We could not investigate the causes of death in this study. Deaths within the target population were investigated via interviews of the families and were con7rmed by checking resident cards. Since we had not obtained death certi7cates, the causes of death could not be determined. Shigematsu (1980 Shigematsu ( , 1982 reported that SMRs for heart diseases, hypertensive diseases and cardiovascular diseases were signi7-cantly lower, and SMR for uremia was signi7cantly increased, in the polluted compared to nonpolluted regions in the Jinzu River basin. On the other hand, Nishijo et al. (1995) found that the prognosis of the exposed inhabitants with renal tubular dysfunction is unfavorable, and these increases of mortality are due to heart failure and renal diseases among the Cd-exposed inhabitants in the Kakehashi River basin in Ishikawa region. The determination of cause of death might not be as strict in former Japan compared to Europe and America. For example, in Japan it is customary to ascribe the cause of death to heart failure in cases with no other clearcut cause of death or in those that show a gradual deterioration culminating in death. Eighty-three autopsies were performed on patients with Itai-itai disease and subjects with suspected disease. However, no speci7c causes of death were found in these patients.
Armstrong and Kazantzis investigated the mortality of Cd workers, a cohort of 6995 men born before 1940 and exposed to Cd for more than one year between 1952 and 1970 that was followed up until the end of 1978 (1983) . They reported that, in all, 1902 men ages under 85 had died compared with the 1968 expected. This study is the only one which investigated the association between Cd exposure and mortality from all death causes in Cd workers. They reported in that study that no excess of deaths due to prostatic cancer, cerebrovascular disease, or renal disease was observed (1983) . Thereafter, their study group updated the cohort mortality study for a further 5 years and reported that there was a stronger indication of an excess risk from lung cancer related to intensity of exposure, signi7cant for both the total and the 5-year periods (Ades and Kazantzis, 1988) . They reported in that study that there was no signi7cant excess mortality from hypertensive disease, or any suggestion of an increased mortality from cerebrovascular or renal disease as in the initial study (1988) . Thun et al. (1985) , Nemery (1990) , Stayner et al. (1992a, b) , and Jarup et al. (1998) also demonstrated the association between Cd exposure and mortality from lung cancer. On the other hand, Armstrong and Kazantzis (1985) investigated mortality among three cohorts in which the cases were taken from the cohort reported on earlier (1983) and two cohorts, that of nickel}Cd battery workers (Sorahan and Waterhouse, 1980) and that of copper}Cd alloy workers (Holden, 1980) . They reported that the only clearly statistically signi7cant 7nding was of an association of deaths coded as bronchitis or emphysema with ''high'' levels of exposure to Cd fumes, and there was suggestive evidence also (P"0.10) of an increased mortality for nephritis or nephrosis after high exposure (1985) .
Marginally increased mortality was observed for prostatic cancer after high or ''medium'' exposure, but this was not statistically signi7cant in the investigation (1985) . There is only one study that investigated the association between Cd exposure and mortality in the general population of a non-Japanese Cd-polluted region. Elliott et al. (2000) investigated SMRs and standardized incidence ratios (SIRs) in the English village of Shipham, where high concentrations of Cd in the soil were found. They reported that all cause cohort mortality from 1939 to 1997 was lower than expected, although there was excess cancer incidence (SIR 167, 95% CI 106 to 250) from 1971 to 1992 and there was an excess of mortality from hypertension, cerebrovascular disease, and nephritis and nephrosis (SMR 153, 95% CI 122 to 192) . They concluded that no clear evidence of health eects from possible exposure to Cd was present despite the extremely high concentrations of Cd in the soil.
The present study demonstrated that in the Jinzu River basin, the district most subject to the adverse health effects of Cd, mortality is signi7cantly increased in inhabitants with Cd-induced renal dysfunction. Thus, taking into consideration the results from other Japanese Cd-polluted areas it can be concluded that Cd-induced renal dysfunction increases mortality.
